Background: The purpose of this cross-sectional study was to examine the
motivation (r = −.33, p < .001) and positively with controlled motivation (r = .27, p < .01).
Conclusions: Findings provide initial support for the SRQ in this population and suggest potential developmental differences in the role of motivation on healthful eating among children, adolescents, and adults.
KEYWORDS
healthful eating, motivation, parents, self-regulation, type 1 diabetes, youth
| INTRODUCTION
Establishing healthy eating behaviours in childhood reduces the risk of numerous chronic diseases (Maynard, Gunnell, Emmett, Frankel, & Davey, 2003; Mikkila, Rasanen, Raitakari, Pietinen, & Viikari, 2004) . However, youth with type 1 diabetes fall short of meeting dietary guidelines for intake of fruits, vegetables, and fiber (Mehta, Volkening, Quinn, & Laffel, 2014; Nansel, Haynie, Lipsky, Laffel, & Mehta, 2012) . Type 1 diabetes management requires patients to maintain tight glycemic control by tailoring insulin dosing to dietary and physical activity behaviours (American Diabetes Association, 2013) . Parents also play a key role in helping to support their child's diabetes management by encouraging and modelling healthful eating (American Diabetes Association, 2013) . Research elucidating modifiable influences on healthy eating in this population is needed for developing effective interventions to improve diet quality and long-term health outcomes.
Self-determination theory (SDT; Deci & Ryan, 2000) posits that successful and sustained behaviour change depends on a person's willingness and motivation to undertake and maintain required behaviours. In regards to healthful eating, such change requires persistent self-regulation involving opting to eat health-promoting foods to achieve long-term health goals rather than nonhealth-promoting foods that may better satisfy immediate sensory desires (Pelletier, Dion, D'Angelo, & Reid, 2004) . SDT describes three main motivation types falling along a continuum of internalization, the process by which an individual comes to personally value socially sanctioned behaviours and practices (Deci & Ryan, 2000) . Amotivation, defined as the absence of intention to act, is the least internalized motivation type characterized by lack of concern about behavioural consequences (Deci & Ryan, 1985) . Further along the continuum of internalization is controlled motivation, when an individual behaves to satisfy extrinsic demands or reward contingencies, to avoid feelings of pressure and anxiety, or to enhance self-esteem (Pelletier et al., 2004) . On the most internalized end of the continuum is autonomous motivation, when a person performs a behaviour to satisfy intrinsic values, inherent interest, or enjoyment (Pelletier et al., 2004) . Autonomous motivation (vs. controlled or amotivation) is associated with exerting greater effort towards achieving positive health outcomes (Pelletier et al., 2004 ).
The Self-regulation Questionnaire (SRQ; Deci & Ryan, 1985 , 2000 was developed to assess the three motivation types delineated by SDT. Research evaluating adaptations of the SRQ pertaining to health behaviours including diet, weight loss, and type 2 diabetes management shows autonomous motivation is positively associated with adherence to medication regimens (Williams et al., 2009; Williams, McGregor, Zeldman, Freedman, & Deci, 2004) , lower body mass index (BMI; Leong, Madden, Gray, & Horwath, 2012) , weight loss (Williams, Grow, Freedman, Ryan, & Deci, 1996) , and increased physical activity (Verloigne et al., 2011) , whereas greater controlled motivation and amotivation are associated with nonadherence to treatment and poorer health (Williams, 2002) . However, the role of these motivation types in healthful eating among youth has yet to be explored. Although the importance of parents' influence on the home food environment is established (Rosenkranz & Dzewaltowski, 2008) , previous research has not examined whether parent motivation internalization of healthy eating for their family facilitates youth's healthful eating. Thus, the purpose of this study was to evaluate the factor structure and construct validity of two adapted SRQ measures assessing youth motivation internalization for healthful eating and parent motivation internalization for providing healthy meals for the family.
| METHODS

| Sample and study design
Baseline data were obtained from a clinical trial evaluating a behavioural intervention to promote whole plant food intake (i.e., fruit, vegetables, whole grains, nuts, and seeds) in families of youth with type 1 diabetes (Nansel et al., 2015) . Parent-child dyads were recruited during routine clinic visits from an outpatient, free-standing, multidisciplinary tertiary diabetes center in Boston, Massachusetts. The SRQ for healthy diet (Williams et al., 1996) was modified by study investigators for use in youth and parents of the target population (available upon request). The measures comprise three subscales: autonomous regulation (six items), controlled regulation (six items), and amotivation (three items). Items on the parent SRQ were modified to relate to motivation for healthful eating for the family rather than for individual goals (e.g., "The reason I would eat a healthier diet is because I believe it is the best thing for my health" modified to "The reason I would provide healthy food for the family is because I believe it is the best thing for my family's health"). Item wording was developed for the youth SRQ to be more accessible for a younger audience. For both parent and youth measures, response options are on a 7-point scale with higher score indicating greater autonomous motivation, controlled motivation, or amotivation.
| Attitudes toward healthful eating
Youth and parents completed the Healthful Eating Attitudes Scale (Nansel et al., 2013) , which assesses self-efficacy, positive and negative outcome expectations, and barriers towards healthful eating (youth) or towards providing healthful foods for the family (parents).
The self-efficacy subscale measures perceived confidence to engage in healthful eating behaviours (Nansel et al., 2013) . The outcome expectations subscale assesses perceived positive and negative consequences of healthful eating. The barriers subscale assesses perceived environmental or skill impediments to healthful eating.
Response options for all subscales are on a 5-point Likert scale ranging from "strongly disagree" to "strongly agree."
| Diet quality
To capture a broad representation of overall dietary quality, a priori, 
| Biomedical and demographic data
Hemoglobin A1c (HbA1c) was measured using a laboratory assay Biomedical data were extracted from participants' medical records including age, sex, diabetes duration, insulin regimen, and frequency of blood glucose monitoring. Measured height and weight were used to calculate youth BMI z-score and parent BMI. Self-report data were used for three parents with missing measured height and weight. Demographic characteristics were assessed by parent self-report.
| Data analyses
Cronbach's alpha examined the internal consistency of the SRQ subscales. Exploratory factor analyses with varimax rotation
Key Messages
• Autonomous motivation -eating healthfully to satisfy intrinsic values -was associated with more optimal diet-related attitudes in youth with type 1 diabetes and their parents.
• Controlled motivation -eating healthfully based on extrinsic demands -was associated with greater endorsement of negative consequences of eating healthfully among both youth and parents.
• Autonomous motivation was associated with diet quality and BMI among parents, but not youth.
• Findings suggest potential developmental differences in the role of motivation on healthful eating among children, adolescents, and adults. determined the SRQ factor structure separately for youth and parent measures. Scree plots and eigenvalues were examined to determine the number of factors. A cut-off of 0.30 was used as criteria for loading a factor (Knafl & Grey, 2007) . Items that loaded more than one factor and/or did not align appropriately with the constructs making them uninterpretable were removed from subsequent analyses (Costello & Osborne, 2005) . Parent and child SRQ subscales were compared using paired t test or Wilcoxon signed rank test for nonnormally distributed mean differences. To determine construct validity, Pearson correlations of SRQ subscales with healthful eating attitudes, diet quality indicators, and BMI were examined. Analyses were also stratified by child age group (8-12 years and 13-16 years) to explore potential developmental differences. Additionally, correlations between parent autonomous and controlled motivation with child diet quality indicators were explored. All analyses were performed on SPSS version 21.0 and significance was set a priori at p < .05.
| RESULTS
Youth (n = 136) were predominantly White (90%) with an average diabetes duration of 6 years (6.0 ± 3.1) and mean HbA1c of 8.1 ± 1.0% (Table 1) . Most parents were college educated (66% with college degree or higher), with a family income of >$70,000/year (68%).
Exploratory factor analyses did not support the amotivation subscale for either youth or parent; the three items cross loaded on other factors. Additionally, internal consistency of the amotivation subscale was poor for both youth (α = .11) and parent measures (α = .16) and was not substantially improved by the removal of any item. Therefore, the amotivation subscale items were eliminated from subsequent factor analyses. Examination of the eigenvalues and scree plots supported a two-factor solution for both youth and parent measures. The percentage of explained variance for the first and second factors were 33.5% and 18.6%, respectively, for the child measure and 33.0% and 22.0%, respectively, for the parent measure. Factor loadings of the 12 items designed to assess autonomous and controlled motivation are shown in Table 2 . Four youth items and two parent items loaded across both factors and were therefore eliminated. Additionally, one youth item designed to assess controlled motivation ("Because my parents say I should.") loaded on the autonomous motivation factor. Because this item was inconsistent with the construct of autonomous motivation, it was also eliminated.
Internal consistency of the modified subscales was good for both youth and parent autonomous motivation (four items, α = .83 and six items, α = .84, respectively) and acceptable for controlled motivation (three items, α = .66 and four items, α = .77, respectively). Youth autonomous and controlled motivation were positively correlated (r = 0.30, p < .001); however, in analyses stratified by age group (i.e., 8 to 12 years [n = 70] and 13 to 16 years [n = 66]), the correlation was significant for the younger (r = 0.38, p < .001) but not the older age group (Table 3) . Parent autonomous and controlled motivation were uncorrelated (Table 4) . Youth had on average lower autonomous scores (5.3 ± 1.4SD vs. 6.0 ± 0.9SD; t = 4.71, df = 133, p < .001) and higher controlled scores (3.0 ± 1.5SD vs. 2.0 ± 1.1SD; Z = −5.62, p < .001) than their parents. There were no significant differences in autonomous or controlled motivation scores between younger and older youth.
Both youth and parent SRQ subscales were significantly associated with healthful eating attitudes (Tables 3 and 4 
| DISCUSSION
This is the first study to examine autonomous and controlled motivation for healthful eating among youth with type 1 diabetes and their parents using an adapted version of the SRQ for healthy eating. Factor analysis and internal reliability supported autonomous and controlled motivation subscales for both youth and parent measures. Autonomous motivation was related to positive healthful eating outcome expectations, greater self-efficacy, and fewer barriers, whereas controlled motivation was related to negative outcome expectations. Autonomous motivation was also associated with better diet quality among parents and adolescents (ages 13-16 years) but not among children (ages 8-12 years).
Additionally, autonomous motivation was related to lower BMI in parents but not in youth.
Findings regarding the psychometric properties of this SRQ are generally consistent with previous research in adults. The poor internal consistency of the amotivation subscale has been demonstrated previously (Levesque et al., 2007) . After eliminating these items, exploratory factor analysis indicated a two-factor structure with distinguishable autonomous and controlled motivation factors. However, several items that loaded across both factors were eliminated. Some of these cross-loaded items were intended to assess the type of motivation ("introjected" motivation), in which the behaviour is partially internalized and is performed to avoid feelings of guilt or to enhance ego (pride; Deci & Ryan, 2000) . Previous research on self-regulation of exercise behaviour showed that this motivation type (classified as controlled motivation) and autonomous motivation types do not represent a distinct dichotomy but rather represent a gradual change from internal pressures to personal convictions (Mullan, Markland, & Ingledew, 1997) .
As postulated, youth autonomous motivation was related to more positive attitudes towards healthful eating, whereas controlled motivation was related to more negative attitudes towards healthful calories from fat (Levesque et al., 2007; Pelletier et al., 2004; Teixeira, Patrick, & Mata, 2011) .
Youth SRQ subscales were not significantly correlated with youth diet quality indicators, except among the older group of youth (13-16 years). Among youth 8-12 years of age, but not among those 13-16 years, autonomous and controlled motivations were positively correlated. This is consistent with previous research indicating that younger children are less consciously aware of their motivations for healthy eating as compared with adults because their neurocognitive structures are still in development (Sturman & Moghaddam, 2011) . Additionally, there is some evidence that children's motivation for behaviours becomes more internalized over time in concert with increases in cognitive capacities and ego development (Chandler & Connell, 1987) . Our findings suggest cognitive differences between younger and older youth may have relevance for assessment of motivations towards healthful eating in this population.
Among parents, all diet quality indicators were significantly associated with autonomous motivation and were not associated with controlled motivation, whereas BMI was negatively associated with autonomous motivation and positively associated with controlled motivation. Previous research shows similar findings among adults in associations of autonomous motivation with positive dietary health indictors and lower BMI (Leong et al., 2012; Levesque et al., 2007) .
However, parent autonomous motivation was uncorrelated with youth diet quality, which may reflect the influence of other factors on youths' dietary intake, such as social and cultural norms around food and exposure to food away from home (Taylor, Evers, & McKenna, 2005) .
Several limitations should be noted. These data are observational and cross-sectional, so no determination of causality can be made, and the SRQ's test-retest reliability and sensitivity to change remains to be examined in future research. The amotivation subscale demonstrated poor internal consistency, suggesting the need for future research on measurement of this construct. Additionally, the sample was obtained from a single pediatric diabetes center with a limited number of minority and low-income families, potentially limiting the generalizability of these findings. As with all self-report measures of food intake, food records may be biased by social desirability (Thompson & Subar, 2008) .
This study provides support for the importance of autonomous and controlled motivation in diet and diet-related attitudes in families of youth with type 1 diabetes. Additional research is needed to determine whether educational and behavioural interventions promoting healthful dietary changes are likely to be more effective if they enhance families' personal valuation (internal motivation) of healthful eating, rather than relying on prescriptions from healthcare providers or other external sources of motivation (Quick, Lipsky, Mehta, & Laffel, 2015) . Additionally, further research to determine whether tailoring educational and behavioural interventions according to a person's motivation internalization improves efficacy would be informative. Given the differences observed in associations of autonomous and controlled motivation with dietary intake between youth with type 1 diabetes and their parents, future research exploring potential developmental differences in the role of motivation internalization in regards to healthful eating is warranted. 
